Abstract Service design is one of the keys to improving how we target today's complex societal problems. The predominant view of service systems is mechanistic and linear. A service infrastructure-which includes solutions like service blueprints, scripts, and protocols-is, in some ways, designed to control the behavior of service professionals at the service interface. This view undermines the intrinsic motivation, expertise, and creativity of service professionals. This article presents a different perspective on service design. Using theories of social systems and complex responsive processes, I define service organizations as ongoing iterated patterns of relationships between people, and identify them as complex social service systems. I go on to show how the human-centeredness of design practices contributes to designing for such service systems. In particular, I show how a deep understanding of the needs and aspirations of service professionals through phenomenological themes contributes to designing for social infrastructures that support continuous improvement and adaptation of the practices executed by service professionals at the service interface.
Introduction
The world is increasingly confronted with complex societal challenges including poverty, crime, health issues, and an aging population. Better service design is one of the keys to improving how we address societal issues. As many of these societal issues have an open, complex, dynamic, and networked character, 1 the service systems we do implement to address these issues tend to have a complex character as well. In this article, I will discuss the design of such complex service systems.
If we want to understand the design of complex service systems, we first need to understand what a service is. Within the service design field there is a consensus that a service emerges in a process of co-production or co-creation between provider and client, 2 or between public service organizations and citizens in a public sector context. 3 This principle-based on one of the foundational premises of service described by Stephen Vargo and Robert Lusch 4 -is part of a service-dominant logic that emerged in the marketing field at the beginning of the twenty-first century. Without the consumer, 5 there is no service. The service comes about when the consumer interacts with the material and immaterial elements provided by the service providers-the movie rented, the cleaner hired, the website consulted, and the machine-distributed ticket bought. If the service does not come about until there is interaction between the service provider and the service consumer, it is essentially intangible. Services are also heterogeneous, because the quality of their delivery depends on the time and place as well as on the people involved. 6 If a service is intangible and heterogeneous, how do we design it? To answer this question, the service design literature distinguishes the interface of the service from the infrastructure of the service. 7 The interface consists of those aspects of a service that are directly available to consumers, while the infrastructures are the resources that are indirectly available-the front office and back office. In this article, I focus on the parts of the interface that are available through human beings, rather than through technologies. I also focus on those parts of the infrastructure that support or guide a service professional's behavior-the physical/digital environment and the organizational structure, for example. If we look at a teacher as a service professional, 8 for instance, the interface is the social interaction between teacher and student, while the infrastructure consists of the classroom, teaching materials, smart board, organizational structure of the school, teacher-teacher and teacher-principal interactions, and the school's educational philosophy. Infrastructure is a fundamentally relational concept. It becomes infrastructure in relation to organized practices. 9 For example, for a teacher, the classroom is integral to teaching-it becomes infrastructure in teaching-but for a cleaner, that classroom is an object of their work. As Susan Leigh Star and Karen Ruhleder ask, "when-not what-is an infrastructure?" 10 Many scholars contend that since the service interface is intangible, design efforts should be focused on the service infrastructure. Bo Edvardsson and Jan Olsson argue that service design is about developing the appropriate generic prerequisites for the service. 11 These prerequisites are the system's resources-its staff, organizational structure, and physical/technical environment, for example. The current popularity of designing touchpoints in the service design community is in line with this focus on service infrastructure. However, Fernando Secomandi and Dirk Snelders 12 argue that the focus on service infrastructure has neglected what is essentially the core of the service, the service interface, and claim that this should be the object of service design.
This article will contribute to this discussion in two ways. The first is by using theories of complex social systems to provide a new perspective on service systems. The second is by introducing a human-centered design and innovation approach that enables designing for such complex service systems. To achieve this, the next 7 Secomandi and Snelders, "Object of Service Design," 29.
8 I adopt a broad definition of service professional that includes any (expert) professional or organizational staff member that contributes actively to addressing complex challenges at the interface between the organization and the service context. Teachers are an interesting example, as education has been a surprisingly neglected sector of activity in research on service design, as recently argued in Lucila Carvalho and Peter Goodyear, "Design, Learning Networks and Service Innovation," Design Studies (2017), forthcoming, section describes the complexity of service organizations and will particularly focus on the role of social interactions on both an infrastructure and interface level. I will then introduce a model that supports human-centered innovation, by showing how different levels of depth in understanding stakeholders' needs and aspirations contribute to innovation. Next, the model will be used as a provisional framework to analyze two case studies about designing for complex service systems. In the first case study, the model is used as a lens to analyze the design of an intervention for an educational service system, while in the second case study the model was applied by the author and her colleagues in the design of an intervention for a complex health issue. I will conclude the paper with a discussion on how a deeper understanding of the needs and aspirations of service professionals contributes to designing for 'social infrastructures' that support a continuous improvement and adaptation of complex service systems.
The Complexity of Service Organizations
This research is focused on those elements of a service infrastructure that are aimed at influencing the service professionals' behavior. Popular strategies and interventions for influencing behavior from the (public) service design and management literature include, for example, scripts, 13 service blueprints, 14 protocols, guidelines, and standard operating procedures.
These strategies are based on a linear view of the relationship between service infrastructure and interface (Figure 1 ). The linear view can be analyzed using Snowden and Boone's Cynefin Framework. 15 The Cynefin Framework distinguishes five different types of contexts with regard to their complexity: simple, complicated, complex, chaotic and disorder. Each context requires leaders to act in contextually appropriate ways. The framework is useful in the context of service design to distinguish the levels of complexity in service tasks and contexts, and the way they can be managed through an infrastructure.
Within this framework, the linear view of the influence of service infrastructures on service interfaces can be considered a simple perspective. Snowden and Boone 16 define a simple context as one characterized by stability and clear causeand-effect relationships that are easily discernible by everyone. In simple contexts, managers can act straightforwardly: they sense, categorize, and respond. For example, think of a call center where a customer rings the center, the center staff member assesses the situation, categorizes it, and responds accordingly. 17 All management needs to do here is set directives for dealing with the situation-a linear command and control management style (Figure 1) .
Service infrastructures such as protocols and scripts are set up to maximize control over people's behavior, by prescribing in detail what service professionals must say and do in specific situations. This might be useful in the case of simple contexts-where situations can be predicted and categorized by service professionals-but for complex service contexts this prescriptive perspective on infrastructure design is not very useful.
Consider the task of teaching in a primary school. People are required to complete years of training to become teachers, and are guided in their work by an infrastructure comprising an educational philosophy, school guidelines, and a set curriculum. Nevertheless, what happens in the classroom cannot be completely predicted or controlled. Even a very prepared teacher often has to improvise based on the children's behavior on a particular day. And the children's behavior is influenced by factors outside the school-and outside the control of the teacher and educational institution-including their parents, siblings, and peers. Furthermore, the teacher's work is influenced by outside factors such as changing educational policies and procedures, new technology, and societal developments. Controlling the teacher's behavior would be ineffective, because it is impossible to predict the specific teaching intervention required in each specific instance of interaction between teacher and student.
A service like primary school education can be characterized as a complex context. In complex contexts, we can only understand the relationship between cause and effect in retrospect. 18 For example, a teacher might only be able to identify in hindsight whether a certain intervention he or she used to engage a distracted child was effective. To be able to design such complex services, we need a deeper understanding of the service organizations through which such services are delivered. In the next section I will build on theories of complex social systems and processes to contribute to a better understanding of complex services.
Service Organizations are Complex Social Service Systems
A number of theories about organizational complexity have emerged in response to the mechanistic views of organizational management, which are based on reductionism and determinism. In this article, I will use elements of systems thinking, social systems theory, complex adaptive systems, and the theory of complex responsive processes.
Service Organizations as Systems
In systems thinking, a system is a whole that cannot be divided into independent parts without losing its essential properties. 19 A system's performance therefore depends more on how its parts interact than on how they act independently of each other. From a systems viewpoint, an organization cannot define its success by how efficiently it optimizes individual employee performance. Rather, management efforts should be focused on setting conditions for optimal interactions between individuals.
Service Organizations as Social Systems
In a social system, both the parts and the whole are purposeful. 20 Purposeful individuals can change their goals in constant environmental conditions; they use free will to select their goals and the means by which to pursue them. 21 This is opposed to an animate system, whose whole is purposeful, but whose parts are not-such as the human body and its organs. As Ackoff explains, 22 a social systemic view of organizations treats employees as human beings with purposes of their own, rather than as a "body"-an operating unit without consciousness, and one that cannot choose-ruled by the management "brain."
Service Organizations as Complex Adaptive Systems
A complex adaptive system consists of very large numbers of interacting entities known as agents, such as a flock of birds and termites building large structures. By adapting to each other during their interactions, they form a system that adapts to its environment. Complex adaptive systems behave according to generally agreed principles, including self-organization and emergence. 23 Self-organization is "the ability of interconnected autonomous agents of a complex adaptive system to evolve into an organized form without external force." Emergence is "a bottom up process whereby a groundswell of activity enables something to come into being, to become prominent." 24 In other words, long-term, population-wide patterns emerge without an overall plan or blueprint. A complex, adaptive view of organizations takes into account that employees behave according to a certain social order without external management (blueprint), and that new, unpredictable, behaviors can emerge through interactions between employees.
Service Organizations as Complex Responsive Processes
A final theory that contributes to understanding complex service organizations is the theory of complex responsive processes developed by Ralph Stacey. 25 The theory is a response to Stacey's frustrations about the differences between his personal experiences as a strategist in industry and the theories about strategic management described in the traditional management literature. The dominant models in the management literature showed linear relationships between actions and strategic goals, but Stacey experienced that strategic management seldom resulted in the expected outcome. 26 Building on Elias's theory of process sociology, 27 and on theories of complex adaptive systems, he subsequently developed the theory of complex responsive processes to describe how organizations work in reality: "organizations are not actually existing things called systems but, rather, are ongoing, iterated patterns of relationships between people." 28 In line with social systems theory, Stacey argues that unlike (digital) agents in complex adaptive systems, human agents in organizations are not simple, rule-following beings. They are "conscious and self-conscious beings capable of spontaneity, imagination, fantasy and creative action." 29 If we use the theories of social systems and complex responsive processes to look at complex service systems, we see a service organization consisting of ongoing, iterated patterns of relationship between purposeful human beings. It is not just the interface between service consumer and service professional that is social (intangible). The parts of the system infrastructures created by patterns of relationships between employees-both within and across service organizations-are social as well. I will therefore refer to these service organizations as complex social service systems.
Above mentioned complex social systems theories have been used in organizational management to develop management and leadership practices. However, these theories do not explain how we can design for them. 30 If service organizations are ongoing patterns of relationships between people, then it becomes relevant to explore the application of human-centered design principles in designing for such service organizations. argued that purposeful systems design can guide societal evolution; and Nelson and Stolterman 33 promote a "design-driven approach to the world," and show how the systemic nature of design inquiry and design action is not only at the core of traditional design, but can be applied in any kind of complex context such as organizational design, social systems design, and educational systems design. In this article I will show how design's human-centeredness contributes to designing for complex social systems and, in particular, social complex service systems.
Human-Centered Design and Innovation
Human-centered design (HCD) is a group of methods and principles aimed at supporting the design of useful, usable, pleasurable, and meaningful products or services for people. These methods describe ways to gain and apply knowledge about human beings, and their interactions with the environment, to design products or services that meet human needs and aspirations. Even though the work of Vargo and Lusch 34 and Roger Martin 35 largely defines the humans at the center as customers and users, 36 HCD has adopted a broader perspective of the human that includes stakeholders such as service professionals, since the introduction of participatory and work-oriented design in the early nineties.
HCD can be aimed at various types of needs and aspirations. There are HCD methods and practices that focus on human beings' physical characteristics, 37 on usability and cognitive needs, 38 and, more recently, there has been a focus in design on emotional needs and user experience. 39 There are a large variety of HCD methods, each having their own specific purpose within a specific design context. 40 Human-centeredness is one of the key characteristics of design that has been widely adopted outside the traditional design field through design thinking and design innovation. 41 At the same time, HCD has been critiqued for only bringing about incremental types of innovation, rather than the radical innovation that is often preferred in a strategic business or organizational context. 42 Instead, many have argued that deep customer insights or a deep user understanding 43 is what is required to be able to innovate in more radical ways. 44 Even though I contend that such deep insights essentially keep human beings at the center-and can thus be considered HCD methods and practices in themselves-these insights are apparently different from the insights gathered through more traditional HCD methods.
Innovation is not just about designing products and services-it is also about designing an organization or system that is able to disseminate solutions. Innovation takes design to a systems level. If deep user insights are seen as fundamental to an innovation process, then it becomes relevant to explore how these types of insights could contribute to designing for social complex service systems. First, we need to develop a better understanding of what deep user insights are. For this purpose, we 45 developed a model that identifies different levels of depth in needs and aspirations in a design and innovation process.
The NADI Model
We have developed a four-layer model of human Needs and Aspirations for application in a Design and Innovation process, which we abbreviate as NADI. 46 We chose to include the term aspiration to focus on longer-term hopes, desires, and ambitions-not just needs. By analyzing the types of needs and aspirations that emerge through the application of different HCD methods, we were able to distinguish four levels of insights: solutions, scenarios, goals, and themes (Figure 2 
One level deeper, the scenario level describes how people want to interact with a solution in a specific context of use. Someone driving a convertible, for example, might imagine cruising around the city and getting attention from people. We named this level "scenario" to highlight the influence of the context of use on interactions between people and products or services. The importance of context of use on interactions is widely acknowledged in HCD, based on Lucy Suchman's work on situated action, which stresses that every course of action depends in essential ways on its material and social circumstances
. 48 The integration of context of use and interaction in scenarios is at the core of many HCD methods, for example in scenario-based design. 49 The deepest levels of insights are found at the goals and themes levels, which describe why people want or need certain solutions and scenarios. The difference between goals and themes is that goals describe what people want to achieve within the context of a certain design problem, while themes describe the underlying needs and aspirations that can be analyzed independently of that context. In the car example, imagine a single woman who has been driving a family car for twenty years, but whose children are now old enough to drive their own cars. Her goal could be to have a car all to herself, while the underlying themes are related to independence and identity. Independence and identity are themes that can be explored outside the context of a car.
We derived the word theme from hermeneutic phenomenology 50 and Dorst's work 51 on how insights into themes support designers' ability to create framesnew approaches to problems. Dorst found that the explorations that designers engage in to be able to reframe problems are a subtle process of analysis that is very close to methods used in the creation of phenomenological descriptions of lived experience. Just like phenomenologists, designers analyze a situation by discerning the underlying themes in stakeholders' lives and worlds. Themes described in phenomenology are typically both deeply personal and also universal. For example, in their exploration of the phenomenon of care (by parents and nurses) at a children's hospital, Marikken Høiseth and Martina Keitsch 52 identified phenomenological themes such as "feeling helpless" and "being in an ambivalent struggle," and used these themes to inform the design of a nebulizer.
We developed the NADI model because, in our work, we have seen that the model's different levels of depth each serve a different purpose in the design and innovation process. For example, the scenario level is extremely useful in participatory and co-design processes. Scenarios can form a common language that supports 53 Again, there is strong agreement in the strategic business and innovation field that deep customer insights are required for more radical types of innovation. In a recent article, 54 we show how insights on the themes level are most useful in such innovation processes.
In this paper, I further explore the NADI model as a provisional framework for complex service systems design by applying it to two case studies. The first study shows how themes can be used to explain the success of an intervention designed for a complex problem in an educational context. The second describes a project in a complex health service context in which themes were actively used by the author and her colleagues to design interventions using Dorst's frame creation approach. 55
Case Studies: Designing for Complex Service Systems

Case Study 1: A Time-Quality Dilemma for Elementary School Teachers
The first example is a retrospective study of a project executed by MindLab (a Danish cross-governmental innovation unit) for the Danish municipality of Odense. This case study is part of a larger group of case studies examining the innovation practices of agencies working in the public and social sector to address complex societal problems. To conduct the case study, I interviewed members of the design team and their clients from the public or social sectors, and analyzed design documentation provided by the teams.
The municipality had asked MindLab to help design interventions for primary school teachers who needed to adjust their teaching practice in line with a reform recently introduced by the education ministry. The reform required teachers to deliver the same quality of education with less preparation time. 56 The MindLab team used provocative prototypes, inspired by practices from other industries, and various co-design sessions with teachers and the municipality to explore different types of interventions. An initial design proposal was a box of ingredients that teachers could use for their lessons. The idea was inspired by the "Årstiderne-box," 57 a box containing organic produce and products plus recipes for a meal. In a second iteration, MindLab invited teachers to help design and prototype the ideal content of this box. But the teachers did not accept the idea-they thought the box was too static. Rather than copying a complete lesson, they were looking for inspiration to develop their own lessons. This eventually led to the design of a more successful proposal, a speed sharing event (based on the speed dating metaphor). Speed sharing would enable teachers share ideas about lessons around a specific theme, for example physical education, during an event facilitated by the municipality and/or schools. The teachers were very enthusiastic about speed sharing, and this intervention is now being implemented and disseminated.
The theme of "pride in practice" might help us understand the success of the speed sharing intervention. When you have independently developed an expert practice-as teachers do-you do not want an anonymous agency to tell you how to improve your practice. It would be like giving a pre-prepared meal kit to a chef! When people take pride in their practice they want to share their knowledge and learn from their peers, not passively receive tips in a lesson box. The pride in practice thematic structure applies to every expert practice, and can therefore be explored outside the context of the original problem of teaching, thus providing a deeper understanding of the problem. Figure 3 shows how the speed sharing event can be explained using the NADI model. The second case study is a project conducted by my design and research team for an Australian not-for-profit organization established by and funded through a federal government initiative. Its mission was to solve the systemic problems associated with supporting people with severe and persistent mental health problems during an acute mental health crisis. We applied Dorst's frame creation methodology, 58 which can be used to address open, complex, networked, and dynamic problems. The main principle of the approach is that addressing these problems requires actors to "reframe" the problem from a new perspective. This case study illustrates the core steps of Dorst's reframing method.
My team and I used different methods to identify the needs and interests of the various stakeholders of this case, including interviews, cultural probes, and various participatory design sessions. In line with the frame creation approach, we used principles of hermeneutic phenomenology to analyze themes and develop frames and solution proposals. We used the NADI model to communicate frames and solutions to stakeholders. The project lasted six months.
The project targeted the problems that arise when people with a severe mental health problem urgently need service professionals' help-for example when they are experiencing a psychotic episode, acute anxiety, and/or suicidal thoughts. The current collective service response is very traumatizing for these people, and there are many conflicts between different service providers. Before engaging our team, the partner agency had brought various stakeholders together, and the kind of solutions they were thinking of included new protocols and standard operating procedures. However, in the past, such interventions had not led to satisfying outcomes.
Once we had explored the needs and aspirations of these stakeholders, we found a number of reoccurring themes. In this article, I will use the reoccurring "drive to make a difference" theme to illustrate how thematic analysis can lead to the development of solutions. All the interviewees and workshop participants working in the context of this problem mentioned their drive to make a difference. As one ambulance paramedic put it, "There's no better feeling than saving someone's life."
During frame creation, we use methods borrowed from hermeneutic phenomenology to develop an understanding of the theme outside the context of the problem. This includes various exercises-reflecting on the theme through personal experience, reading literature about the theme, and exploring pieces of art or music that reflect the meaning of the theme. 59 Through these exercises, we discern the theme's pattern. For example, we asked ourselves the questions "When do you experience the drive to make a difference?," and "What does it feel like?" Through this analysis, we found that to sustain that drive, there is a need for feedback. When you are driven to do something good, you feel a sense of achievement when you see the results of your efforts. For example, when your friends express their enjoyment after you have cooked them a big meal, it feels good. That feeling might, in turn, motivate you to continue organizing dinner parties for your friends. Without the feedback, that drive cannot be sustained.
That feedback is exactly what was missing in the problem context of acute mental illness response. For example, some police officers indicated a sense of futility and frustration to us. "If we do not hear from the person again," they agreed, "there is the assumption that one of three things happened to them: 1) they got better, 2) they moved away, or 3) they died. We are essentially feeding our efforts into a 'cone of silence' that gives no response." The ambulance paramedics mentioned similar experiences with regard to getting feedback on their actions: "It's not like stopping the bleeding or starting the heart."
Feedback is also an essential element of another prominent theme: learning or "growth." People only learn if they know what the effects of their actions are (Figure 4 ). In the cooking example, people can only become better at cooking when they can taste the food or when their friends (honestly) express their thoughts about the meal prepared. Feedback is therefore essential to learning. A police officer confirmed this and indicated it would be useful to know what works and what does not. One part of the systemic problem of supporting people with severe and persistent health problems is, therefore, this broken cycle of drive and growth.
To reframe the problem, we looked at how elements of these themes have been dealt with in domains outside the problem context. Exploring these metaphors can lead to new frames. 60 A frame that turned out to be particularly fruitful for the themes of drive and growth was to look at generating a shared response to mental illness as if the actors were all members of a sports team. We found that the shared response at the time was like a sports team whose players each had a different coach and each took the field at different times. This makes it very hard to collectively coach mental health episode responders, and sustain their drive and growth.
Through this frame, we developed a solution: a "coaching team." Figure 5 expresses this solution using the NADI model. A coaching team is a group of team leaders from each of the participating organizations (such as ambulance and police). The scenario we envisioned for this coaching team is that they frequently meet to reflect on what is happening on the field. To be able to get an appropriate view of this newly created field we designed a new role: the observer. This is someone who interviews people with a severe mental illness who have recently been through an episode, and maps their experiences on a journey map, for example. The journey map would then be delivered to the coaching team, enabling them to reflect on their collective actions. They can then adjust their coaching to provide constructive feedback on the negative stories and positive feedback on the rest. The goal of this scenario is to stimulate motivation and provide reflective learning practice for the service providers in acute mental illness situations. The underlying themes are drive and growth.
Discussion: Designing for Social Infrastructures
Social Infrastructures
Both case studies reflect Stacey's theory of complex responsive processes and the social systems and complex adaptive systems theory on which his work is based. The initial perspective in each was top-down and linear. The lesson box in case study 1 and the protocols and standard operating procedures in case study 2 tried, to a certain extent, to control the behavior of the service professionals. The successful interventions in each of the two case studies are more in line with complex responsive processes. If we look at these interventions (in context) as if they were complex responsive processes, ongoing iterated patterns of relationships between people emerge. We see
• A focus on interactions between service professionals rather than a focus on the actions of individual service professionals, and • A process conducted by and through conscious and creative human agents rather than rule-following agents. Change comes from within through the service professionals' creative actions. The interventions also reflect the characteristic of emergence-they do not prescribe or control the behaviors of the service professionals, but allow for emergent actions. The coaching team supports the emergence of new collaborative practices among acute mental health crisis responders, while the speed sharing event supports the emergence of new teaching practices. These perspectives on the case studies are illustrated in Figures 6 and 7 . Ongoing, iterated patterns of relationship between people can be seen at both the service interface and infrastructure level in both cases. I will therefore refer to these parts of service infrastructures as "social infrastructures."
Social infrastructures are intentionally designed interventions that have a clear structure or process. This was illustrated by one of the municipality staff members in the first case study: "I think the main issue is that [the teachers] don't have enough time to do their work as thoroughly as they want to, so they have to think differently. Plus, a lot of the new reform addresses more teamwork and more sharing of good ideas. You don't have the time to make up your own ideas all the time so you need to steal and borrow whatever you can from your co-workers.... They do that already, but they had a lot of things lying around and no one was using them. They needed a more systematic way to share these good ideas.... So they came up with this speed sharing idea, which has its roots in speed dating so everyone can relate to it even if they haven't tried it. So it's a very systemic way of sharing a good idea."
Design activities can be considered at two different levels of the social infrastructure. There is the (expert) design team that designs the social infrastructure, and there are the service professionals that "design" their services within those social infrastructures through incremental improvement and adaptation. With this in mind, let us return for a moment to the focus on infrastructure versus interface discussion from the introduction. Both are relevant to the social infrastructure design process, even though neither of them can be fully designed because of their social systemic natures. In a social system, interface and infrastructure are both composed of purposeful human beings who have the power to decide how they are going to behave as part of either the interface or the infrastructure of the service. It is therefore more appropriate to talk about designing for social infrastructures rather than the design of social infrastructures.
Figures 6 and 7 contrast social infrastructures with traditional (linear) service infrastructures to clarify the fundamental differences between the two. However, a more nuanced view might be required in which these linear and social infrastructures co-exist, each with a different purpose in complex service delivery. For routine tasks that are part of service delivery-such as marking exams-linear service infrastructures such as standard operating procedures ensure efficiency, while non-routine tasks benefit from social, non-linear infrastructures to allow for adaptability. Another limitation of this perspective is that it only considers the human element of service interfaces and infrastructures. In future research, considering the interaction between these human elements and non-human elements-environments, technologies, and physical products-will further develop these viewpoints in greater detail.
Designing for Social Infrastructures
To design for social infrastructures, we need to put the human beings that enact the social infrastructure-service professionals and their colleagues-at the center. Edvardsson and Olsson 61 argue that a service provider's staff is its key resource. "We must understand how individuals and groups of staff can be encouraged to work in the best manner. We must take their special needs, demands, and wishes into account, not just those of the customers." 62 This is in line with Stacey's comment that we need to draw from the fields of psychology, sociology, and philosophy to understand human relating. 63 But if we want to move from an understanding of human beings and human relating to creating solutions, we need further, design-based practices. Both case studies show how (re-) framing the perspective on the problem was key to generating designs for the social infrastructures. Dorst 64 has demonstrated that framing is at the core of expert design practice. Design expertise is therefore key to designing for social infrastructures.
The second case study showed how an investigation of phenomenological themes contributes to (re-) framing and designing for social infrastructures. As opposed to other levels of needs and aspirations in the NADI model, a theme can be explored outside the context of the problem, and through that supports frame creation based on metaphors from non-related contexts, which in turn opens up the solution space. Themes are particularly useful in a complex, networked context because they are relatively stable and are shared among different stakeholders. 65 Case study two showed how the "drive to make a difference" theme was shared among service professionals, and that common ground in turn became a pathway toward an intervention that met the needs and aspirations of these different stakeholders. Our experience has shown that we can also find common themes across different case studies with similar types of stakeholders. For example, the "drive to make a difference" theme is relevant in almost any kind of design problem that includes service delivery. Future research is therefore aimed at identifying those common themes, and a deeper analysis of these themes through hermeneutic phenomenology.
Addressing Complex Societal Problems
In this article, I argue that human-centered innovation contributes to the design of complex service systems, and that these service systems are one of the keys to addressing complex societal issues. The NADI model was presented as a provisional framework to show how a deeper understanding of service professionals' needs and aspirations contributes to innovation in this context. The developmental nature of this study presents some limitations and requires a further discussion with regard to its application. In particular, the NADI model as presented in this paper might incorrectly suggest that there is a simple approach to addressing a complex problem. Firstly, the application of HCD for this purpose will predominantly occur in the public and social sector. In this context, the service should not only deliver value for individuals, but for the public and society as well. The levels in the NADI model do not currently reflect these societal and public needs and aspirations. Furthermore, the term "solutions" in the NADI model and the case studies presented might suggest that there could be 'one-off' solutions to complex problems. However, scholars in the complexity field 66 agree that, rather than one-off and single solutions, complex systems require the continuous development of multiple interventions. This is also reflected in both case studies-multiple solutions were developed and prototyped rather than aiming for single solutions. This was aptly summarized by a municipality staff member who was involved in case study 1, who said, "I think, in a way, we have not solved the problem with this, but we have developed some very, very new ways of thinking in sharing knowledge and doing something else [for] the teacher."
A final discussion point that relates to service design in the public and social sector is the broader application of design in public and social sector innovation and, more specifically, policy development. Increasingly, people are recognizing that design can positively contribute to policy development. 67 In the traditional policy development cycle, design is only applied in the implementation of the policy through designing services. This happens after the policy making process, which includes an identification and clarification of policy needs (policy intent) and a formulation of the policy. However, Sabine Junginger 68 argues that to achieve better outcomes, service design ought to be integrated with policy making from the start through HCD. The cases and social infrastructures I have presented in this paper do not have an integrated policy development cycle. For example, in the MindLab case study, the social infrastructure of speed sharing made the educational reform at the policy level workable for teachers, but design was not integral to the design of the reform itself. To address the issues discussed in this section, future work will further develop the NADI model to reflect the complexity and dynamics of this innovation context, and explore its application in an integrated policy development cycle.
Conclusion
In this article, I have discussed designing for social complex service systems with the goal of addressing complex societal issues. Using Stacey's theory of complex responsive processes, 69 I showed that service organizations, including the service infrastructure and the service interface, are ongoing iterated patterns of relationships between human beings. Social infrastructures are those parts of service infrastructures that empower human beings working in the service organization to creatively and continuously support each other and themselves. The two case studies showed how a human-centered design approach contributes to designing for such social service infrastructures. The NADI model was used as a provisional framework to illustrate how themes-the deepest level of stakeholder needs and aspirations-are particularly useful in this design context. It is essential that we integrate a deep understanding of service professionals and their relationships with their colleagues in systemic design to foster their drive, pride, and passion to make 
